Abstract-This research covers carbon-based strain sensors which are designed and printed onto flexible substrates. Conductive nanocomposite of Polydimethylsiloxane (PDMS) and Carbon Black (CB) powder with 10% of CB have been used as the sensing element utilizing its flexibility and conductivity while silver conductive paste is used as the electrode for the strain sensor. Several designs with different length of strain sensors were printed using screen printing technology onto 0.75µm-Kapton HN film. Printed sensors were then cured at 85°C (for carbon printing) and 145°C (for silver printing). Parameters characterized are resistivity, conductivity and stretchability of the sensor using tensile test. The relationship between force, strain and resistance for all sensors designed are also discussed. The measured resistivity and conductivity of the sensor are 0.43 Ωm and 2.4 S/m respectively while the stretchability of the sensor on Kapton film has a maximum strain of 45%. This flexible strain sensor is very useful in many applications such as health monitoring systems, human motion detection and many more.
I. INTRODUCTION
Nowadays, the demand for flexible and wearable electronic devices is increasing due to their facile interaction with human body. It been a lot of efforts to develop flexible, stretchable and sensitive strain sensors because of their various potential applications such as used for human motion detection, personal health monitoring, sports performance monitoring and mass measurement. Even though conventional strain sensors require low fabrication cost, they typically have poor stretchability and sensitivity [1] [2] [3] [4] [5] .
Strain sensor is a sensing device that change its resistance or capacitance value at their output terminal when stretched or compressed. This sensor usually embedded to the surface of a solid material to measure its minute dimensional changes when put into compression or tension. There are a lot of requirements needed to make high-performance strain sensor including sensitivity stretchability, response speed, stability, fabrication cost and simplicity.
Thin film strain sensor requires clean room fabrication is high in cost due to high-end machines, cleanroom facility and controlled environment needed. The proposed strain sensor is using thick film fabrication, screen printing which is very simple step and low cost. The printing process is very straight forward and it also can be done manually or semiautomatically.
II. LITERATURE REVIEW
Nanomaterials have emerged extensively in the field of research since the past decade. The development in nanoparticle technology has been growing rapidly over the past few years. New research is demanding for more and more nanoparticle applications. Carbon has proven to be a non-metal compound to serve metal's electrical properties. Carbon nanoparticles is a good and cheaper source of nanoparticle with a wide range of applications. Recently, increasing medical and biological interest in cheap disposable, analytical, and diagnostic devices has driven research towards the development and adaptation of low-cost electronic sensing devices [7] .
Recently, several alternatives have been pursued to achieve novel strain sensors by using nanomaterials [6] . Carbon nanomaterial such as Carbon Black (CB), Carbon nanotube (CNT), multiwalled carbon nanotubes (MWCNTs) and graphene have shown outstanding performance due to their superior mechanical and electrical properties. In this work, performance and electrical properties of CB mixture and polydimethylsiloxane (PDMS) as the filler of a sensing material will be investigated. Ten percent (10%) of CB is prepared for the sensing material of the strain sensor. Kapton polyimide film is used to provide the flexibility of the substrate. Kapton polyimide film possesses a unique combination of properties that make it ideal for a variety of applications in many different industries. The ability of Kapton to maintain its superior performance in physical, electrical, and mechanical properties over a wide temperature range has discovered many development of flexible sensors and circuits for many applications.
III. METHODOLOGY Fig. 1 shows the flow chart of the study from sensor design until characterization of fabricated sensor. Few sensors are designed with various length of 10mm, 20mm, 40mm, 80mm, and 100mm and the design are sent for screen printing mask production. The size of the screen printing mask is 35x 35 cm, and is made of Polyester mesh (PES). Preparation of carbon paste is done using nano Carbon Black (CB) powder, Polydimethylsiloxane (PDMS) SYLGARD® 184 Silicone Elastomer Kit, silver conductive paste for the electrode and 0.75µm-Kapton HN film as the substrate.
A. Fabrication of Strain Sensors
The 0.75µm-Kapton HN film is glued on a square shape hard substrate to keep the Kapton on a strong base and steady during printing process. The silver conductive paste is printed onto the 0.75µm-Kapton HN film using the silver screen printing mask on the screen printer. Once finished, all printed silver layers are cured in the furnace at 145°C for 60 mins. The samples are cooled with room temperature for about 15 minutes while the preparation for carbon mixture is ongoing. Carbon black is mixed with PDMS to achieve 10% of ratio. The ratio of base PDMS and the curing agent is 10:1 for the total of 90% mixture content. After CB-PDMS layer is printed, samples are cured in the furnace at 85°C for 10 mins and are cooled down at room temperature for 15 mins. Samples are then cut into individual sensor for easier measurement procedures. 
B. Characterization of Strain Sensors
Each of strain sensor is characterized using a tensile machine, Instron 3365 Dual Column Tabletop Universal Testing Systems, to characterize important mechanical parameters such as strain and resistance changes over force applied. A multimeter with crocodile clip is used to measure the resistance changes of the sensor during stretched. Fig. 2 shows the tensile measurement setup. The measurement is started by taking the initial resistance value where extension and force is 0 and ended when the extension is 24 mm or broken. 
IV. RESULTS AND DISCUSSION
Electrical and mechanical testing are implemented to measure few parameters such as resistivity, conductivity and elasticity of the sensor. Relationship between strain, resistance changes and force also investigated. Table I shows the resistance value measured on the printed sensors. Few samples are measured and averages value are calculated for better accuracy. The consistency in resistance value of each sensors is shown where resistances value do not have large difference between samples. Results show that the higher the length, the higher the resistance value which could be proved theoretically. Table II and III show resistivity and conductivity respectively, calculated based on equation
A. Resistance, Resistivity and Conductivity
. Results show resistivity is increased as the sensors length increased and oppositely, the conductivity is decreased as the sensor length increased. B. Strain vs. Force Fig. 3 and Fig. 4 show relationship between strain (in percentage) versus force applied, N for sensors length of 40 and 80 mm respectively. Each of measurement is repeated twice from separate paste preparation. However, results show the consistency in shape. Strain is increasing exponentially over the force applied. Different maximum tensile strain (%) could be seen as every test ended as the extension reach maximum limit or being torn apart while stretched. Fig. 4 has a constant line of force applied at about 180N which indicates that the sensor is torn or broken thus the force applied is drop drastically. Fig. 3 and Fig. 4 show maximum strain range of 45% with maximum load 128 N. Fig . 5 shows the relationship between resistance and force applied. The resistance is measured while sensors being stretched. From the graph, it clearly can be seen that the resistance is increased as the force applied is increased. This relationship is compatible with the theoretical principles of resistance characteristics. 
V. CONCLUSION
In conclusion, the carbon-pdms conductive composite as the sensing material of the flexible strain sensor has been prepared based on 10% of CB. Several strain sensors have been successfully printed or fabricated onto the flexible substrates using screen printing technology with variation of length. The mechanical characterization of the printed strain sensor has been implemented using the tensile machine. The parameters such as resistivity and conductivity of the carbon-pdms composite has been determined by analytical study. The relationship between strain over force applied and resistance over force applied has been obtained and discussed.
